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What is claimed is: 

jf. An enzyme variant comprising a catalytic core domain 
exhibiting cellulolVtic activity, which variant is derived from 
5 a naturally occurring parental cellulase by amino acid residue 
substitution, insertion or deletion or any combination thereof, 
and 

- at position 5 (celLulase numbering) holds an alanine residue 
(A) , a serine residua (S) , or a threonine residue (T) ; 

10 - at position 8 (cellulase numbering) holds a phenylalanine 
residue (F) , or a tyrosine residue (Y) ; 

- at position 9 (cellulase numbering) holds a phenylalanine 
residue (F) , a tryptophan residue (W) , or a tyrosine residue 
(Y) ; 

15 - at position 10 (celljulase numbering) holds an aspartic acid 
residue (D) ; and 

- at position 121 (celjLulase numbering) holds an aspartic acid 
residue (D) . 



20 2. The variant accordi] 
(cellulase numbering) Y 
the group consisting of 
asparagine (N) , glutami 
(F) . 



25 



30 



The variant accor 



g to claim 1, which at position 119 
olds an amino acid residue selected from 
histidine (H) , aspartic acid (D) , 
e (Q) , arginine (R) , and phenylalanine 



toyclaim 1, which at position 6 



(cellulase numbering/ he 
the group consisting 




an amino acid residue selected from 
threonine (T) and serine (S) . 



4 . The variant according 
(cellulase numbering) ho 
the group consisting of 
(I) , tryptophan (W) , and 



35/5. A cellulase variant, 



^/^o claim 1 , 



which at position 7 
ds an amino acid residue selected from 
irginine (R) , leucine (L) , isoleucine 
lysine (K) . 



which variant holds 4 or more of the 



following disulfide bridfaes : C11-C135; C12-C47; C16-C86; C31- 
C56; C87-C199; C89-C189;] and C156-C167 (cellulase numbering) 
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6. The cellulase variant according to claim 5, which variant 
holds 5 or more of the following disulfide bridges: C11-C135; 
C12-C47; C16-C86; C31-p56; C87-C199; C89-C189; and C156-C167 
(cellulase numbering) 



10 



15 



20 



7. The cellulase variaAt according to claim 5, which variant 
holds 6 or more of the If ollowing disulfide bridges: C11-C135; 
C12-C47; C16-C86; C31-q56; C87-C199; C89-C189; and C156-C167 
(cellulase numbering) . 

8. The cellulase variant according to claim 5, in which variant 
a cysteine residue has H>een replaced by a different natural 
amino acid residue at oije or more of the positions 16, 86, 87, 
89, 189, and/or 199 (celllulase numbering) . 

9. The cellulase variant! according to claim 5 selected from the 
group consisting the following variants derived from Humicola. 



25 



insolens endoglucanase V 
C16M/C86G. 

l^D . A method of reducing 
comprising removal, by an 
insertion, of one or more 
group consisting of Cll 
C199; C89-C189; and CIB*/- 



(EGV) : C12G/C47M, C47G, C87M/C199G and 



the thermostability of a cellulase 
ino acid substitution, deletion or 
di&tulfide bridges selected from the 
12-C47; C16-C86; C31-C56; C87- 
2167 /(cellulase numbering) . 



30 



A cellulase varianl: 
substitution, insert i 
acid residues located 
position within an enzyme 
the substrate . 

12. The cellulase variant 




rom a parental cellulase by 
deletion at one or more amino 
e substrate binding cleft at a 
-substrate interactive distance from 



according to claim 11, which variant 



has been derived from a parental cellulase by substitution, 
35 insertion and/or deletion at one or more amino acid residues 
located in the substrate finding cleft at a distance of not 
more than 5 A from the substrate. 
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13 . The cellulase vari 
has been derived from 
insertion and/or delet 
5 positions: 4, 5, 6, 7, 
19, 20, 21, 21a, 42, 



ant according to claim 12, which variant 
a. parental cellulase by substitution, 
ion at one or more of the following 

8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 
14, 45, 47, 48, 49, 49a, 49b, 74, 82, 



95j, 110, 111, 112, 113, 114, 115, 116, 119, 121, 123, 127, 



128, 129, 130, 131, 13(2 
150b, 178, and/or 179 



10 



14 . The cellulase vari 
has been derived from a 
insertion and/or deleti 
positions: 4, 5, 13, 1 
15 48, 49, 49a, 49b, 74, 
123, .129, 131, 132a, l£ 
(cellulase numbering) . 



20 



15. The cellulase vari 
the group consisting t 



132a, 133, 145, 146, 147, 148, 149, 
cellulase numbering) . 



ant according to claim 12, which variant 
parental cellulase by substitution, 
on at one or more of the following 

15, 16, 19, 20, 21, 21a, 42, 44, 47, 

2, 95j, 110, 111, 113,. 115, 116, 119, 

3, 145, 146, 150b, 178, and/or 179 



Lakit according to claim 13 selected from 
* following variants derived from 
Humicola insolens endoglucanase V (EGV) : T6S, R7I, R7W, Y8F, 

W9F, C12M/C47G, W18Y, WH18F, S45T, S45N, D114N, F132D, Y147D, 
Y147C, Y147W, Y147V, Y14f7R, Y147G, Y147Q, Y147N, Y147K, Y147H, 
Y147F and Y147S. 



25 



ini 



le if cx 



16. The cellulase vari 
the group consisting t 
cola. Insolens endog 

K13Q, P14A, P14T, S15T, Si. 
30 A19S, K20G, D42Y, D42W, C< 
S110N, L115I, G116D, H119I 
N123Y, N123D, V129L, D1331S 



35 17. The cellulase variant 
has been derived from a pa 
insertion and/or deletion 



cording to claim 13 selected from 
lowing variants derived from Humi- 

e V (EGV) : R4H, R4Q, K13L, K13R, 

5H, C16M/C86G, A19P, A19T, A19G, 
7G, E48D, E48Q, E48D/P49*, E48N/P49*, 
H119Q, H119F, N123A, N123M, N123Q, 
and D178N. 



according to claim 11, which variant 
ental cellulase by substitution, 
t one or more amino acid residues 



r 
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located in the substrate binding cleft at a distance of not 
more than 3 A from tha substrate . 

18. The cellulase varilant according to claim 17, which variant 
5 has been derived from k parental cellulase by substitution, 
insertion and/or deletion at one or more of the following 
positions: 6, 7, 8, 101 12, 13, 14, 15, 18, 20, 21, 45, 48, 74, 
110, 111, 112, 113, ll4, 115, 119, 121, 127, 128, 129, 130, 
131, 132, 132a, 146, 1^7, 148, 150b, 178, and/or 179 (cellulase 
io numbering) . 



19. The cellulase variant according to claim 17, which variant 
has been derived from al parental cellulase by substitution, 
insertion and/or deleticbn at one or more of the following 
15 positions: 13, 14, 15, io, 21, 48, 74, 110, 111, 113, 115, 119, 
129, 131, 146, 150b, 17s|, and/or 179 (cellulase numbering) . 



iO. A cellulase variant,! in which variant an amino acid residue 
has been changed into a Conserved amino acid.jresidu.e at one or 
20 more positions according \to Table 1, at which position (s) 
between 7 and 10 amino actid residues of the 11 residues 
identified in Table 1, arf identical. 



21. The cellulase variant kccording to claim 20, which variant 



25 has been derived from a pa 
insertion and/or deletia 
positions: 13, 14, 15, Ao , \21 
53, 54, 62, 63, 64, 65 
85, 88, 90, 92, 93, 9S 

30 113, 115, 116, 118, ll£< 13: 
163, 166, 169, 170, 171, 17 
193, 196, and/or 197 (cellul 1 



cellulase by substitution, 
ongf or more of the following 

22, 24, 28, 32, 34, 45, 48, 50, 
'687^%, 70, 71, 72, 73, 74, 75, 79, 
97, 98,J99, 104, 106, 110, 111, 
134, /138, 140, 146, 152, 153, 

174, 174, 177, 178,179, 180, 
numbering) . 



22. A cellulase variant according to claim 21 comprising one or 



35 more of the following mutatio 
K13L or L13K; 
P14A or A14P; 



ls (cellulase numbering) 
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S15H or H15S; 
K20E, K2DG, K20A, E20K, 
A2 0E, G2 0A1 or A2 0G; 
K21N or M21K; 
A22G, A221P, G22A, P22A, 
V24*, V24L, *24V, L24V, 
V28A, V28L, A28V, L28V, 
N32D, N32S, N32K, D32N, 
K32D, S32K, lor K32S; 
N34D or D3V1N; 
I38L, I38FI I38Q, L38I, 
Q38L, F38Q, dr Q38F; 
S4 5N or N4 5ls 
G46S or S46 
E48D, E48N, ID48E, N48E, 
G50N or N5GG; 
A53S, A53G, IA53K, S53A, 
K53S, G53K, oij K53G; 
Y54F or F54 T 
W62F or F62Wt 
A63D or D63a| 
V64I, V64D, H\64V, D64V, 
N65S, N65D, K^5E 1 
E65S, D65E, o/ $65D; 

D6 6N, D66P/ D6\6T, 
T66N, P66T, /or Tip 6] 
F68V, F68tL, F6J 



V68T, V68P, 
T68P, or P6 
A69S, A69 



G20K, A20K, E20G, E20A, G20E, 



G22P, or P22G; 

*24L, or L24*; 

A28L, or L28A; 

S32N, K32N, D32S, D32K, S32D, 



F38I, Q38I, L38F, L.38Q, F38L, 



D4 8N, or N4 8D; 



G53A, K53A, S53G, S53K, G53S, 



rsv 



L70Y or Y7y(|L; 
G71A or A71G; 
F72W, F72Y, 
A73G or G73A; 
A74F or F74A; 



J>6 



I64D, or D64I; 

D65N, E65N, S65D, S65E, D65S , 

P66D, T66D, N66P, N66T, P66N, 

V68F, L68F, T68F, P68F, V68L, 
8V, L68T, L68P, T68L, P68L, 



S69A, T69A/ S69T, or T69S; 



IF, Y72F, W72Y, or Y72W; 
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T75V, T75AJ T75G, V75T, A75T, G75T, V75A, V75G, A75V, 
G75V, A75G, <\r G75A; 
G79T or Tli 
W85T or T851 

A88Q, A88G, IA88R, Q88A, G88A, R88A, Q88G, Q88R, G88Q, 
R88Q, G88R, oi R88G; 
Y90For F90Y;1 
L92A or A92L1; 

T93Q, T93E, Q93T, E93T, Q93E, or E93Q; 
T95E or E95TI 
S96T or T96S, 

G97T, G97A, T197G, A97G, T97A, or A97T; 
P98A or A98P;| 
V99L or L99V; 
M104L or L104J 
V106F or F106^ 
S110N or NllOSl 
T111I, Til IV, 
G113Y or Y113G] 
L115V or V115L; 
G116S, G116Q, 
N118T, N118G, 
T118Q, G118T, Qi: 
H119Q, H119N, 
V129L or Li; 
I131L, I131i 
G134A or All 
Q138E or E13^ 
G140N or N140G; 
R146Q or Q146R; 
S152D or D152S, 

R153K, R153L, RISfeA, K153R, L153R, A153R, K153L, 
K153A, L153K, A153KI L153A, or A153L; 

L163V, L163W, V16BL, W163L, V163W, or W163V; 



:illT, V111T, I111V, or Villi; 



.16G, Q116G, S116Q, or Q116S; 
.18Q, T118N, G118N, Q118N, T118G, 

N G118Q, or Q118G; 
f 19H, or N119H; 

Libit, A131I, L131A, or A131L; 



4887 .204-WO 



105 



10 



G166S orl S166G; 
W169F or\F169W; 
R170F or F170R; 

F171Y, F171A, Y171F, A171F, Y171A, or A171Y; 
D172E, D17ES, E172D, S172D, E172S, or S172E; 
W173E or E173W; 

F174M, F174W, M174F, W174F, M174W, or W174M; 
A177N or N117A; 
D178P or P17BD; 
N179V or V17$Nj 
P180L or L180U 
L193I or I193] 

R196I, R196K, \I196R, K196R, I196K, or K196I; and/or 
T197S or S197 1 : 



15 



2^3 . 



20 



A cellulase variant, 1 which variant has been derived from a 
parental cellulase by substitution, insertion and/or deletion 
at one or more of the following positions (cellulase 
numbering) , and which variant : 

in position 4 hdlds R, H, K, Q, V, Y, or M; 
in position 5 holLds S, T, or A; 



25 



in position 15 
in position 16 
in position 19 
in position 20 



hi 



ho J 



30 



in position 21a/ho 
in position 22 
in position 24 hoi 
in position 28 hold 



K, 


or 


L; 




P> 




A; 




H, 


pr 


S; 




cy 


or 


A; 




•a, 


D, 


s, 


P, 


A, 


|E, 


G, 


or 


K/ 


or 


N; 




. V 


or 


* . 




A, 


G, 


or 


P; 


L, 


V, 


or 


* . 


A, 


L, 


or 


V; 


D, 


K, 


N, 


or 


D or N; 





106 



in 


posit icAn 


jS o 


holds 


r t 


J- / 


T 

L., 


or 


in 


POSIU lOIl 


ft ^ 


holds 






rn 
1 / 


"NT 


in 


pos i u lori 


ft ft 


holds 




V / 






in 


pufait.ion\ 


ft D 


ho Ids 


"NT 


Ol* 






in 


pos i u ion 


\4 6 


holds 


G, 


or 


S; 




in 


pos i u ion 


£7 


holds 


c, 


or 


Q; 




in 


posiL ion 


48 


holds 




E, 


N, 


or 


m 


pCJfc>X I LOil 




holds 


P, 


s, 


A, 


^ t 


XII 


■y—\ /— \ o -i 1~ n /— > t~i 
pUbl L-XvJH 


49a holds C, 


or * ; 




XII 


^LJoX LIUI1 


49b holds N, 


or * ; 




m 


pos x u ion 


501 


holds 


G, 


or 


N; 




in 


pos i l. ion 


531 


holds 


A, 


G, 


K, 


or 


m 


pubition 


54 


holds 


F, 


or 


Y; 




XII 


pUbl 1 LCJIl 


62 


iholds 


F, 


or 


W; 




m 


pos i u ion 


63 


tiolds 


A, 


or 


D; 




XII 


pUb± L.1UI1 


64 


Jiolds 


D, 




or 


V / 


in 


posit ion 


65 


Holds 


D, 


E, 


N, 


or 


m 


pos i c ion 


68 


hblds 


D, 


N, 


P, 


or 


in 


pos i u ion 


69 


hdlds 


A, 


s. 


or 


J- / 


XXI 


publ I LUI1 


70 


holLds 


L, 


or 


Y; 




XII 


£-'t->oX t LUX1 


71 


hold^ 


A n 


or 


G; 




XII 


pUbl L1UI1 


72V 


hodlds 


fI 


w, 


or 




XII 


pUbl L.XCJI1 


73 ' 


ibolas y 




or 


G; 




m 


pos i l. ion 


74 


m^fSs 




"or 


F; 




XII 


£Jv_JoX 1 LUil 


75 


aolds 


A, 




T , 


or 


"i Tl 

XII 


O X L. 1U11 


79 


holdfe 




or 


T ; 




in 


nno "i t~ 1 OTl 

V— ' O -L I — _1_ x — > ± 1 


82 


hoJldL 




or 


* . 




in 


nns "i 1~ i o*n 

KJ O -L l_ _1_ V / J. 1 


88 




A, 


G, 


Q, 


<J J- 


in 


nnq "i t~ "i nn 

<-s O _l_ l_ _L Uli 


90 


holds 


IF, 


or 


Y; 




in 


position 


92 


holds 




or 


L ; 




in 


position 


93 


holds 




Q, 


or 


T; 


in 


position 


95 


holds 


eL 


or 


T; 




in 


position 


95j 


holds p, 


or * ; 




in 


position 


96 


holds 


s, 


or 


T; 
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in position 
in position 
in position 
in position 
in positior 
in positionl 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in positior 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 
in position 



97 holds A, G, or T; 

98 holds A, or P; 

99 holds L, or V; 



150ft 


d hold 


s A, 


or * 




152] 


/holds 


) D ' 


or 


S; 




ip3 


iholds^ 


' A, 


K, 


L, 


or 


■J.63 


polkas 


L , 


v, 


or 


W; 


\.66 / 






or 


S; 




:\69 


nolds 


F, - j 


or 


W; 




Jlvo 


hblds 


f/ 


or 


R; 




171 


hbld^ 




F, 


or 


Y; 


172 


hir^ds 


D , 


E, 


or 


S; 


173 


hcblds 


E , 


or 


W; 




174 


hcilds 


F, 


M, 


or 


W; 


177 


hdlds 


A," 


or 


N; 




178 


holLds 


D , 


or 


P; 




179 


holds 


N, 


or 


V; 





i rid. 

1 \J *± 


iilj iu.o 


T , 










1 u u 


Vi "1 H ci 


C t 


<J 1 


v r 






i i n 


nuiub 


"NT 
In / 


(~> 1 


Q . 






111 
111 


noius 


T 

1 / 


J- / 


or 


\7 ' 
V / 




11 J 


IlUlUb 


p 


UI 


v • 






113 


npias 


T 

J_l / 


or 


\7 • 






rt i r 
ILlD 


holds 




y / 


or 


o . 

s=> ; 




j| 1 Q 

JL _Lo 


holds 




/ 


y / 


or 


1 


1 1 Q 


holds 


TJ 
ti f 


1ST 


or 


y / 




312 9 


holds 


L/ 


or 


V; 






IBl 


holds 


A, 


I, 


or 


L; 




1B2 


holds 


A, 


P, 


or 


T; 




ii3 


holds 


D, 


K, 


N, 


or 


Q 


134 


holds 


A, 


or 


G; 






13B 


holds 


E, 


or 


Q; 






145 


holds 


A, 


D, 


N, 


or 


Q 


149 


holds 


Q, 


or 


R; 
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in positibn 180 holds L, or P; 

in position 193 holds I, or L; 

in positidn 196 holds I, K, or R; and/or 

in positidn 197 holds S, or T. 

2^. A cellulase variant having an altered anion tenside 
sensitivity, and whiih variant is from a parental cellulase by 
substitution, insertion and/or deletion at one or more of the 
following positions: 12, 4, 7, 8, 10, 13, 15, 19, 20, 21, 25, 



10 26, 29, 32, 33, 34, 3 
55, 58, 59, 63, 64, 6|5 
88, 90, 91, 93, 95, 9 
114, 117, 119, 121, 1 
145, 146, 147, 150e, 

15 158, 159, 160c, 160e, 
172, 173, 175, 176, 1 



, 37, 40, -42, 42a, 43, 44, 48, 53, 54, 
, 66, 67, 70, 72, 76, 79, 80, 82, 84, 86, 
d, 95h, 95 j , 97, 100, 101, 102, 103, 113, 
3, 136, 137, 138, 139, 140a, 141, 143a, 
50j, 151, 152, 153, 154, 155, 156, 157, 
160k, 161, 162, 164, 165, 168, 170, 171, 
8, 181, 183, 184, 185, 186, 188, 191, 



192, 195, 196, 200, anp/or 201 (cellulase numbering) 

2/(s . A cellulase variant!, in which variant an amino acid residue 
20 has been substituted atl one or more of the following positions 
17, 85, 86 87, 88, and/br 89 (cellulase numbering) . 



2|6 . A Humicola. insolenslEGV variant, in which one or more of 

the following mutatiorafs havje been introduced: D42W, D42Y, or 
25 L70Y. 



30 



2)7 . 



A Thielavia. ter 



P19A, G20K, Q44K, N 



CIS 



illulase variant, in -which variant 



one or more of the following mutations have been introduced: 



8E, 



.9H or Q146 R. 



2^8 . 



The Thlelaxria. terredtris/Q119U variant 



^9 . A Pseudomonais fluordscens cellulase variant, in which 
variant one or more of ttfhe following mutations have been 
35 introduced: Y4R, H15S, N119Q or Q146R. 
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3gf. A Crinipellis\ scabella. cellulase variant, in which one or 

more of the following mutations have been introduced: V4R, 
T132a*, Q133D or &146R. 

A method for improving the properties of a cellulolytic 
enzyme by amino adid substitution, deletion or insertion, the 
method comprising It he steps of: 

a. constructing a multiple alignment of at least two amino acid 
sequences known tolhave three-dimensional structures similar to 
endoglucanase V (E($V) from Humicola insolens known from Protein 
Data Bank entry 4 EI 

b. constructing a hbmology-built three-dimensional structure of 
the cellulolytic enzyme based on the structure of the EGV; 

c. identifying amino! acid residue positions present in a 
distance from the substrate binding cleft of not more than 5A; 

d. identifying surf aq:e -exposed amino acid residues of the 
enzyme ; 

e. identifying all chkrged or potentially charged amino acid 
residue positions of the enzyme; 



f . choosing one or mo 
residue is to be sui/s 
to be provided; an 



positions wherein the amino acid 
ttLtuteJd, deleted or where an insertion is 



g. carrying out the: 
using conventional prot 



substitution, deletion or insertion by 
engineering techniques 



32. The method aco{£i^ding\ to claim 31, wherein step f. is 
carried out by choosing positions which, as a result of the 
alignment of step a., carry the same amino acid residue in a 
majority of the aligned sequences. 
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33. The method according to claim 32, wherein step f is carried 
out by choosing positions which, in the aligned sequences, 
carries different amitio acid residues 

3^ . A method of improving the specific activity of a naturally 
occurring parental celllulase by carrying out a substitution, 
deletion or insertion at amino acid residue positions present 
in a distance from thej substrate binding cleft of not more than 
5A. 



A method of altering the pH activity profile, the pH 
activity optimum, the ph stability profile, or the pH stability 
optimum of a naturally occurring parental cellulase by altering 
the electrostatic environment either locally or globally by 
carrying out a substitution, deletion or insertion at amino 
acid residue positions present either in a distance from the 
substrate binding cleft df not more than 5A, or at surface- 
exposed amino acid residiie positions of the enzyme; preferably 
by a substitution involving a) charged or potentially charged 
residue, this residue eitmer /being the original residue or the 
replacement residue . 



3^. A method of alterincj t 
parental cellulase in the 
anionic detergent compone 



nt 



stability of a naturally occurring 
presence of an anionic tenside or 
by altering the electrostatic 
environment either locally br globally by carrying out a 
substitution, deletion or insertion at one or more surface- 
exposed amino acid residue positions of the enzyme. 




